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Abstract
Background: Adoption of new digital measures for clinical trials and practice has been
hindered by lack of data demonstrating relevance of these metrics to people with Parkinson’s.

Objective: This study aimed to explore participant-perceived relevance of WATCH-PD digital
measures to monitoring personally important aspects of disease in people with early PD.

Methods: Forty participants from the WATCH-PD study were solicited for 1:1 in-depth online
interviews. Cognitive interviewing was combined with symptom mapping techniques to assess
content validity of 10 digital measures and relevance to personal symptoms within a rankordered symptom hierarchy. Content analysis and descriptive techniques were used to analyze
data.

Results: Most tasks (9/10) were rated relevant to personally important symptoms of PD by
both cognitive interviewing (70—92.5%) and mapping (80—100%). However, only two related
to currently bothersome symptoms for more than 80% of participants (Tremor, Shape
Rotation). Tasks were generally deemed relevant if they met three participant context criteria:
(1) understanding what the task measured, (2) believing it targeted an important symptom of
PD (past, present, or future), and (3) believing the task was a good test of that important
symptom. Participants did not require that a task relate to active symptoms or “real” life to be
relevant.
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Conclusion: In this study of individuals with early PD, participants rated digital measures of
tremor and hand dexterity as most relevant to them. Thematic findings further showed that
participants perceptions of relevance of tasks were based on person-centric criteria not
typically included in standard content validity assessments.
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Background
Digital measures appear to offer unparalleled opportunities to detect early changes in
symptoms and disease progression, which could support the development of urgently needed
disease modifying therapies for neurodegenerative disorders such as Parkinson’s disease
(PD).1,2 However, adoption of such measures for clinical outcomes assessments in therapeutic
trials has been hindered by limited patient experience data, including inability to transparently
demonstrate relevance of these technologies to patients’ experience of living with the
disease.3-5
Rapidly growing regulatory emphasis by the U.S. Food and Drug Administration on
patient-focused drug development has translated to an urgent need to efficiently evaluate the
extent to which new technologies align with meaningful aspects of disease from the patient
perspective.6,7 However, this objective has proved challenging under traditional evaluation
approaches, with quantitative techniques (i.e surveys, rating scales) being generally inadequate
to reflect the depth of personal experiences, and qualitative techniques (i.e. interviews) often
lacking the consistency and precision needed to quantify prevalence of opinions and
experiences.8 Thus, we elected a mixed-methods approach combining new symptom mapping
approaches 9 with standardized cognitive interviewing techniques10 to assess the relevance of
using smartwatch and smartphone applications11 for monitoring meaningful aspects of
Parkinson’s disease from the perspective of people with early PD.
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Methods
Study background
This qualitative study was conducted in follow-up to the WATCH-PD study
(NCT03681015), which was a 12-month multi-center observational trial that evaluated ability of
novel smartwatch and smartphone applications to monitor symptoms and disease progression
in people with early, untreated PD ( ≤ 2 years diagnosis, Hoehn & Yahr stage ≤ 2).12 The current
study focused on evaluating participant-perceived relevance of the WATCH-PD smartwatch and
smartphone measures, which consisted of 10 activities (descriptions and images show in Table
1) that were completed during in-clinic visits and bi-weekly at home.
Sample
Individuals with PD who had completed their final visit of the WATCH-PD study within
the previous 6 months were eligible for the current study (N=54).13 All non-white participants
(N=4) were solicited, with purposeful sampling that otherwise mirrored parent study
demographics. IRB approval and digital informed consent was obtained (IRB#00003002).

Data collection
A multi-faceted data collection approach was used. This consisted of an online survey
followed by a 1:1 virtual interview a week later, which included systematically mapping all
important symptoms and impacts of PD, followed by formal cognitive interviewing on the 10
digital measures, and lastly mapping of the digital measures back to the personal symptoms in
the symptom map. Surveys were used to gather information on demographics, PD medication
use, self-reported PD symptoms, and preliminary qualitative data on perceived relevance of
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WATCH-PD tasks to monitoring symptoms of PD. Online interviews were conducted by JM
(white, female, PhD prepared nurse practitioner, unacquainted with participants) via Zoom
video-conferencing and were audio/visually recorded with participant permission.
Part 1: Symptom mapping.9 In the first part of the online interview, each participant
was assisted to create a detailed map of their PD symptom experience. Symptom maps were
created using XmindTM mapping software, via Zoom screen sharing, with symptoms
(represented as nodes) and descriptions of symptoms (represented as lines), with symptoms
arranged hierarchically top to bottom and grouped by order of bothersomeness into five
categories: “Most bothersome,” “Somewhat bothersome,” “Less bothersome,” and “No current
issues (but still important),”. An additional bottom tier category was included for items viewed
by the participant as “Not relevant to early PD”.
Part 2: Cognitive interviewing. After completing the symptom map, the interviewer
conducted a structured assessment of understanding and perceived relevance of WATCH-PD
tasks to monitoring personally important symptoms of PD. Four standardized questions were
used to evaluate content validity: (Q1) Did the participant understand what the task was asking
them to do in order to complete it? (Q2) Did completion of the task relate to the participant's
PD symptoms? (Q3) Was the task similar or relevant to tasks or activities in the participant's
daily life? (Q4) Did the participant perceive the task was relevant to measuring the progression
of their PD?
Part 3: Mapping of task to personally important symptoms. Following cognitive
interviewing, participants returned to their symptom map and were asked to incorporate small
pictographs of each of the 10 tasks into their personal map building on the preceding discussion
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of perceived relevance of that task to monitoring personally important symptoms. For this
step, the participant placed the task image next to the personal symptom(s) they believed the
task measured, or into the “Not relevant” category, as applicable. They were then asked to
further reflect on and summarize what made each task relevant or not relevant, adding
clarifying information as needed. A sample symptom map showing conjunction of tasks to
personal symptoms is presented in Figure 1.

Data analysis
Descriptive statistics were computed for survey items. Coding of the four standardized
cognitive interview questions assessing content validity was performed by RS, with frequencies
and percentages calculated for each. Content coding15 of symptom maps was performed by JM
and PY (>97% convergence). Relevance of each WATCH-PD task was calculated based on direct
association of the task with any personally important symptom in the symptom map. Important
symptoms comprised all PD symptoms that were meaningful to the individual—past, present,
or anticipated—with each experienced symptom further classified as more or less bothersome
using Patient Reported Symptom Scores (PRSS; 4=Most bothersome, 3=Somewhat bothersome;
2=Less bothersome, 1=Present but not bothersome, 0=No issues but still important, and
“.”=not relevant to early PD), as shown in Supplement A. For example, if a participant placed
the Tremor Task next to the symptom "Tremor" at the "most bothersome" position in the
symptom map, it would be associated with a PRSS of 4. Conversely, if the Tremor Task was
placed next to a symptom under the “No issues” category, it would have a PRSS of 0 (not
present but still personally important). If associated with more than one symptom (e.g.,
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Walking & Balance), tasks were valued at the highest level they occurred at within a map and
counted once per participant. Independent T-tests were run using SPSS28 to assess for
differences in relevance of tasks based on any/no PD medication use. Cramer’s V (effect size for
Chi-square test of independence) was calculated to assess strength of relationship between
cognitive interviewing and mapping assessment of task relevance, with large effect (i.e. very
strong relationship) defined as >0.25.16 Thematic analysis17,18 of verbatim transcripts was
conducted using Nvivo12.19
Rigor & Validity. Data collection protocols and procedures were pretested with people
with PD (JC, JH), and initial interviews were observed for consistency (RS). Data collection and
analysis (including content validity assessment) was performed by researchers unaffiliated with
the parent study to minimize bias. Other measures to enhance validity included systematic
member-checking to ensure accuracy of data collected, regular peer-debriefing to discuss and
refine emerging themes, use of multiple coders to increase validity of analysis, and a formal
audit trail.20 Quotes throughout are presented with numeric identifiers to demonstrate
representativeness.
Data availability statement
Data are available to Critical Path for Parkinson’s (CPP) Consortium 3DT Initiative Stage 2
members. Non-members may submit proposals for de-identified datasets to CPP 3DT via the
corresponding author.
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Results
Sample characteristics
Forty people completed surveys and interviews. Participants were predominantly male
(52.5%), white (92.5%), college educated (100%), with no PD medication use (60%), a mean age
of 64 years (SD=8.8) and 2.1 years since PD diagnosis (SD=0.9). Table 2 displays demographics
comparative to the parent study. Of the 14/54 eligible people who did not participate, 1
declined, 5 were unreachable, and 8 were not solicited due to having reached goal sample size
of 40, reflective of parent study demographics.

Cognitive interviewing: Content validity
The frequencies and percentages of positive demonstration of understanding and
relevance of WATCH-PD tasks, as assessed through four standardized questions are shown in
Table 3. With the exception of Finger Tapping (1/40 incorrect), all participants were able to
demonstrate that they understood what each task was asking them to do for completion. The
task most relevant to personal PD symptoms by cognitive interviewing was Shape Rotation
(87.5%), followed by Tremor (85%) and Finger Tapping (85%). Less than half of participants
found Visual Spatial Memory (47.5%), Phonation (42.5%), Reading (37.5%), Articulation (37.5%),
and Verbal Symbol Swap tasks (35%) to be relevant to personal PD symptoms. The majority of
participants were able to provide examples of how each task related to activities in their daily
life (range 59% [Visual Spatial Memory] to 97.5% [Walking & Balance]) and believed tasks were
important for measuring the progression of PD (52.5—97.5%). Excluding Visual Spatial Memory
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and Phonation, all other tasks (8/10) were definitively endorsed as personally relevant by
greater than 85% of participants.

Symptom maps: Participant rated relevance of tasks to bothersome symptoms
As shown in Figure 2 (Graph A), tasks that were relevant to actively bothersome
symptoms for the largest number of participants were the Tremor task (92.5%; relevant to
tremor), Shape Rotation, Finger Tapping, (82.5%, 77.5% respectively; relevant to fine motor)
and Trails A&B (65%; perceived as relevant to fine motor and thinking), Walking & Balance
(55%, relevant to general mobility), and Verbal Symbol Swap (52.5%, relevant to cognitive
function). Speaking tasks (Reading, Phonation, Articulation) and Visual Spatial Memory were
less often related to actively bothersome symptoms (<50%).

Symptom maps: Participant rated relevance of tasks to personally important symptoms
Personally important symptoms included symptoms that were past (resolved) present
(more or less bothersome) or anticipated (i.e., symptoms participants were concerned could
occur down the road). For example, a participant who did not currently have difficulty with
articulation might perceive tasks that monitor speech as relevant to an important future
symptom, as seen here:
P6: Well, I'm not experiencing the slurring of words, but that [digital measure] could've picked up
on something like that. I want to speak clearly...I don't want to be slurring words, [and] I
completely agreed with [testing] this… I absolutely believe it's valid.
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P19: I don't have an issue [with speech]. [But] I think the tasks are good to have in the test,
because a lot of people with Parkinson's do have these issues. How would I know if I did or didn't
have them without doing the task?

As shown in Figure 2 (Graph B), all tasks, excluding Visual Spatial Memory, were rated as
relevant for monitoring personally important symptoms to the greater majority (>80%). While
speaking tasks did not relate to actively bothersome symptoms for most, they were relevant to
more than 80% of people as important future symptoms. Visual Spatial Memory was commonly
criticized for being difficult to complete, causing frustration, and failing to measure symptoms
specific to PD, and was therefore rated as relevant by fewer people (52.5%).
Correlations. As shown in Table 3, convergence between cognitive interviewing Q4
(relevance of task to monitoring progression of PD) and relevance to monitoring personally
important symptoms rated by mapping was generally high (67.5 [Visual spatial Memory]—
97.5% [Tremor]) with evidence of strong association between ratings of relevance across all
tasks (Cramer’s V >0.25). Non-convergence increased if participants were unsure what the test
measured, or felt the test was technically flawed, with 50% lack of concordance accounted for
by items where participants were unable to give a categorical response (yes/no) to Q4 (relevant
to monitoring PD progression), as seen in these examples:
P18: “I don’t know [if it’s relevant], but “yes” if it’s about volume” [Phonation].
P16: “Yes” if it was designed properly [Visual Spatial Memory]

In these instances, participants often modified ratings of relevance between methods,
suggesting that variability was caused by ambiguity in perception of the task.

THIS IS A PREPRINT MANUSCRIPT THAT HAS NOT UNDERGONE EXTERNAL PEER REVIEW

RELEVANCE OF WATCH-PD TASKS TO PEOPLE WITH EARLY PD

11

Themes
Three themes were identified relating to how participants perceived the relevance of
WATCH-PD tasks for monitoring early PD. In general, participants felt that digital measures
were meaningful and should be retained for monitoring if they reliably captured any important
symptoms of PD—whether actively experienced or not (Themes 1 and 2). However, there was
some concern about negative psychological impact related to frequent monitoring of PD
symptoms (Theme 3).

Theme 1. Perceived relevance of digital measures was contingent on belief that the measure
effectively evaluated an important PD symptom—regardless of whether the symptom was
currently present or the measure related to activities in daily life.
Relevant measures fell into two categories: (1) those that appeared related to personal
symptoms actively experienced and (2) those that appeared related to personally important
symptoms of Parkinson's not currently experienced by the participant (i.e., past or anticipated
possible future symptoms of concern or common symptoms of PD). Table 4 presents a detailed
delineation of the five criteria on which participants consistently based their evaluation of
personal relevance of WATCH-PD measures during interviews (hereafter called “Participant
Criteria”). In general, participants endorsed measures as relevant if three Participant Criteria
were met—the individual believed (1) they understood what was being evaluted (purpose of
measure), (2) the measure related to an important symptom of PD, and (3) the measure was a
good test of the symptom. Often, WATCH-PD measures were considered relevant even when
they did not relate to activities in daily life or were a personally experienced symptom, provided
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other Participant Criteria were met. Understanding what the measure required to complete it
was not a referenced factor in personal relevance evaluations, with participants most focused
on the purpose of the measure and whether they thought it was a good/bad test of the
targeted PD symptom (i.e., Participant Criteria 1-3).
Some slight uncertainty was tolerated regarding what the measure was targeting
(Participant Criteria 1), but if measures failed to satisfy Participant Criteria 2 and 3 (related to
important symptoms and a good test), they were always deemed not relevant. However,
participants indicated ambiguous measures could become relevant if data demonstrated ability
to pick up subtle variations in important PD symptoms not apparent otherwise, as seen in the
following quotes:
P3: I don't know what they were measuring, so it's hard for me to know whether it was related
to my vocal quality. If it is able to measure the things I care about, yes [it’s important]. It's hard
for me to know without seeing the data.
P5: I don't feel like I have enough information [to decide if the measure is relevant]. If I was
having trouble completing [the measure], then I would say it was due to Parkinson's
symptoms…but it's not something I've noticed. It would be nice to see results saying, "Wow, his
walking has changed." [The digital measures could be] seeing things that I’m not.

Theme 2. Due to the variable, progressive, and uncertain nature of PD, people with early PD
believe it can be important to measure aspects of disease and symptoms that they do not
currently experience.
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Many participants indicated that they felt it was important to measure common
symptoms of PD even when they did not personally experience those symptoms (Criteria #5).
Rationales for this position were based on participant’s understanding that PD has wide
variability in symptom expression and disease progression, and that new symptoms could onset
at any point. Participants believed that digital measures had the potential to pick up subtle
deficits and new symptoms at the earliest possible onset and felt that earliest detection was
key to understanding and monitoring disease progression and developing better future
treatments. Furthermore, many reported being personally committed to partnering with
researchers to find better treatments for the sake of themselves, family members who might
later develop PD, and the broader benefit of society as a rationale for monitoring symptoms
that were not yet present. This is illustrated in the following quotes with supporting data in
Supplement B:
P24: It's not so much what you have currently, it's the progression. It's about whether new
symptoms develop and if those symptoms become more severe over time. …Symptoms change,
they get worse, or they suddenly show up, and you didn't have it before.
P28: It’s a degenerative disease… I think it’s important to measure all of these [symptoms].

Theme 3. Active monitoring can have negative emotional impact that affects sense of wellbeing and engagement with the measurement tool, particularly if challenging to perform.
Participants reported that when they perceived themselves as not performing well, they
sometimes experienced negative emotional consequences, such as anxiety, stress, worry about
disease progression, or sense of failure. For example:
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P26: I felt like oh no, I can’t handle this. This is gonna make me feel so inadequate. ...After I was
all done, I would go be depressed for an hour because it pointed out to me that I was having
trouble with some of these things.

This sense of failure resulted in some participants being less willing to complete a task,
approaching the activity with anxiety, finding ways to "game" the system to improve scores and
sense of competence, and practicing to improve performance. Supporting data for this is
presented in Supplement C, and is illustrated in the following examples:
P16: It’s designed to dispirit people taking it. It caused me anxiety. By the end, people are just so
frustrated they’ll tap any finger. They won't care anymore.
P20: I tried to focus to the best of my ability, but it became frustrating, and I would just say,
“oh, I'll just hit match or no match… I'll just guess at that.”
P27: It motivated me to download [a different] app on my phone to try to get better at color
recognition and [prove] that maybe my brain is not totally declined.

Conversely, when participants were easily able to perform a task, or perform at a level
they felt was equivalent to a person without PD, they experienced a sense of relief and felt
more positively about the digital measure and their PD state. For this reason, along with desire
to detect earliest symptom onset, many people preferred to retain items that measured
important symptoms of PD not currently present, as seen here:
P28: If it was all hard, I might have dropped out on the study, because you’re making me face
this thing that’s really, really, really hard to face. [But if] I can do at least half the stuff well, and
they’re measuring something that has to do with Parkinson’s... It’s like it’s a mental boost – it’s
reassuring. I need some pats on the back. Please don’t [take the easy tests out].
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Discussion
This is the first study to use symptom mapping with cognitive interviewing to
systematically explore relevance of using digital measures for monitoring meaningful symptoms
from the perspectives of people with early PD. Overall, nine of the ten WATCH-PD measures
were rated as relevant to monitoring personally important symptoms of PD by both cognitive
interviewing (70—92.5%) and mapping methodologies (80—100%). However, only two related
to actively bothersome symptoms for more than 80% of the sample (Tremor, Shape Rotation).
Data from mapping correlated well with and validated cognitive interview findings but
also extend current understandings of DHT relevance within two key contexts: actively
bothersome versus personally important symptoms (past, present or future). Notably, our data
suggest that eliminating measures based on lack of current symptoms may not align with
patient preferences for monitoring, as was evident in the higher rates of reported relevance vs.
experienced symptoms. For instance, nearly all speech tests were rated as relevant (>80%)
despite few reporting symptoms in this area (<50%), with repeatedly expressed preference to
proactively monitor for these high-impact symptoms. Thematic findings also highlighted
preferences to monitor for actively present and important future symptoms (i.e., those not yet
experienced). Thus, digital assessment of common impactful symptoms might be warranted
prior to onset to support early detection, trending, and treatment, as has been suggested in
previous works.25,26 We would propose that the distinction between what is actively
bothersome versus what is important represents a critical distinction in classification of
relevance of digital measures from the participant perspective, and should be considered in
future assessments.
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A second important finding of the study was that “relevance” of measures from the
participant perspective depended on person-centric criteria that extended beyond traditional
cognitive interviewing approaches to content validity assessment. This finding aligns with
increasing regulatory recognition of the need to prioritize patient perspectives in the selection
of clinical outcome assessments.6,21-23 In this early PD sample, we found that concepts of
relevance were contingent upon three participant context criteria being met: (1) believing they
understanding what was measured, (2) believing it targeted an important symptom of PD (past,
present, or future), and (3) believing the measure was a good test of that important symptom.
It is worth highlighting that participants did not require that a measure relate to active
symptoms or mimic “real” life to be personally relevant. These findings points to potential
differences in participant vs. research conceptions of a “good test,” suggesting that a more
wholistic evaluation including context validity (i.e. the DHT experience from the participant
perspective)24 in conjunction with content validity from the research perspective may be
needed. A proposed approach to formal assessment of relevance incorporating both of these
components is presented in Figure 3. Movement towards a more standardized assessment
approach that reflects context of use can increase understanding of the relevance of
technologies and digital measures across diverse populations, conditions, and monitoring
strategies. At the same time, greater transparency in the research process whenever possible
(i.e. intentionally educating participants on the purpose and capabilities of new technology)
would serve to enhance the relevance of new technologies to people with PD.
Other pragmatic considerations in selection of digital endpoints exist with regards to
balancing the psychological impact of testing. Our data present a conundrum: the expressed
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desire of people with early PD to proactively monitor for current and future symptoms versus
the potential for increased anxiety and hypervigilance induced by artificial monitoring. In this
study, when participants did well on testing, they felt better about themselves and their disease
state. Conversely when they struggled to perform, participants felt more depressed and
anxious. Concerns for negative effects of monitoring have been raised in other DHT studies27
and has been broadly observed with disease screening,28-31 however it has not been previously
reported with remote symptom monitoring in movement disorders. Some participants
suggested that retaining “easy” activities helped to offset negative psychological consequences,
but it is necessary for scientists to recognize that PD is progressive and decline likely, with
potential for increasingly negative psychological impact of testing occurring as disease
progresses. Thus, while including “easy” measures may present a short-term solution in early
disease, it does not fully address the issue of psychological harm over time. Furthermore,
discouragement associated with performing difficult activities (e.g. Visual-Spatial Memory task)
could impact measurement validity as participants might alter the way that they engage in
these tests due to negative impact on self-concept, as was observed in this study.
Incorporating measures that allow for a sense of success as well as measures that capture
difficulties could improve engagement, perceptions of DHTs, and measurement accuracy by
decreasing the individual's use of behaviors that falsely inflate positive outcomes. Alternately,
use of unobtrusive passive monitoring approaches may reduce potential for heightened
awareness of disease progression and confounding behaviors. Further research is needed in
this area to understand the psychological and measurement impacts of active digital monitoring
in progressive diseases.
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Limitations of this secondary study included use of a predominantly white, college
educated and technologically literate study sample. Furthermore, data collection occurred at a
single time point in early PD and did not address change over time. Additional research is
needed to replicate approaches longitudinally and in more diverse populations. Also, as shown
in the results, some people revised initial ratings of relevance over the course of the interview,
which was traced back to ambiguity in perceptions of measures. Thus, while strongly
correlated, mapping and cognitive interviewing methodologies may offer complimentary
perspectives and analysis of discrepancies could support a more nuanced understanding of
factors underlying variations in responses, as well as highlighting the urgent need to move
beyond rigid binary assessments that are often incompatible with human experience. In total,
these findings greatly contribute to understanding the relevance, risks, and benefits of using
digital measures to monitor symptoms of early PD from the participant perspective and can
inform the use of these tools in clinical trials.
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Smartphone Application

Smartwatch

Table 1. WATCH-PD digital tasks evaluated for relevance to personally meaningful symptoms from the patient
perspective
TASK

DOMAIN

Walking & Balance

Gait/balance

(1) Participant walks straight line for 1 minute.
(2) Participant stands with arms at sides for 30 seconds.

Tremor

(1) Participant rests hands in lap for 10 seconds.
(2) Participant extends arms out in front for 10 seconds.

Tremor Task

ASSESSMENT

Finger Tapping

Fine motor

Participant performs rapid alternating finger movements by
tapping two side-by-side targets using index and middle fingers.

Shape Rotation

Fine motor

Participant uses 1-2 fingers to move and rotate a pink object into
the object outline as quickly as possible.

Verbal Articulation

Speech

Participants performs sustained phonation task 15 seconds.

Visual Reading

Speech

Participants reads a series of sentences printed on the screen.

Sustained
Phonation

Speech

Participants repeats the syllables “pa ta ka,” for 15 seconds.

Thinking

Participant is presented with a symbol and must speak aloud the
corresponding number from a key.

Visuo-Spatial
Working Memory

Thinking

Participant is briefly shown four different colored boxes followed
by a single, colored box and must indicate if the single box was in
the previous set of four.

Trail Making Task

Thinking

Participant must trace a set of alpha-numeric dots as quickly and
accurately as possible using the index finger of the dominant hand.

Digit Symbol
Substitution

Notes. BrainBaseline application screenshots reprinted with permission from Clinical ink.

THIS IS A PREPRINT MANUSCRIPT THAT HAS NOT UNDERGONE EXTERNAL PEER REVIEW

PICTOGRAPH

Table 2. Demographic characteristics of the sample comparative to the parent WATCH-PD study

Age, years
Female, n (%)
Race/ethnicity, n (%)
White
Asian
Not specified
Hispanic or Latino, n (%)
Education > 12 years, n (%)
PD duration, years
Taking medications for PD, n (%)

Sample
n = 40
63.9 (SD 8.8)
19 (47.5%)

Parent study
(n = 82)
63.3 (SD 9.4)
36 (43.9%)

37 (92.5%)
3 (7.5%)
1 (2.5%)
40 (100.0%)
2.1 (SD 0.9)
16 (40.0%)

78 (95.1%)
3 (3.7%)
1 (1.2%)
3 (3.7%)
78 (95.1%)
0.8 (SD 0.6)
-
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Table 3. Frequency and percentage of positive demonstration of understanding and relevance of WATCH-PD tasks during cognitive interviewing vs mapping
WATCH-PD Task

Understood what the
WATCH-PD task was
asking them to do in
order to complete it
n/40 (%)= [yes]

WATCH-PD task
related to
personal PD
symptoms
n/40 (%)= [yes]

WATCH-PD task
related to tasks and
activities in daily life
n/40 (%)= [yes]

WATCH-PD task was
important to measuring
PD progression
n/40 (%)

WATCH-PD task was
relevant to
monitoring any
personally important
PD symptoms

A. COGNITIVE INTERVIEWING

Relevance of
WATCH-PD tasks
% Agreement

Cramer’s V
Correlationc

A:B

A:B

B. MAPPING

MOVEMENT

Walking and Balance Task

40 (100%)

26 (65%)

39 (97.5%)

Yes = 38 (95%)
No = 0 (0%)
Qualifiedb = 2 (5%)

Yes = 37 (92.5%)

37/40
(92.5%)

0.397**

Resting Tremor Task

40 (100%)

34 (85%)

32 (80%)

Yes = 39 (97.5%)
No = 1 (2.5%)
Qualified = 0

Yes = 40 (100%)d

39/40
(97.5%)

d

Finger Tapping Task

39 (97.5%)

34 (85%)

32 (80%)

Yes = 37 (92.5%)
No = 2 (5%)
Qualified = 1 (2.5%)

Yes = 36 (90%)

38/40
(95%)

0.604 **

Shape Rotation Task

40 (100%)

35 (87.5%)

34 (85%)

Yes = 35 (87.5%)
No = 3 (7.5%)
Qualified = 2 (5%)

Yes = 37 (92.5%)

37/40
(92.5%)

0.589**

Verbal Reading Task

40 (100%)

15 (37.5%)

36 (90%)

Yes = 35 (90%)
No = 2 (5%)
Qualified = 3 (7.5%)

Yes = 35 (87.5%)

34/40
(85%)

.457**

Sustained Phonation Task

40 (100%)

17 (42.5%)

32 (82%)1

Yes = 32 (87.5%)
No = 3 (7.5%)
Qualified = 5 (12.5%)

Yes = 33 (82.5%)

29/40
(72.5%)

.340*

Verbal Articulation Task

40 (100%)

15 (37.5%)

30 (75%)

Yes = 27 (67.5%)
No = 5 (12.5%)
Qualified = 8 (20%)

Yes = 34 (85%)

29/40
(72.5%)

.474**

Trails A&B Task

40 (100%)

23 (57.5%)

25 (62.5%)

Yes = 34 (85%)
No = 4 (10%)
Qualified = 2 (5%)

Yes = 32 (80%)

29/40
(72.5%)

0.486**

Verbal Symbol Swap Task

40 (100%)

14 (35%)

33 (82.5%)

Yes = 33 (82.5%)
No = 1 (2.5%)
Qualified = 6 (15%)

Yes = 33 (82.5%)

30/40
(75%)

0.301*

Visual/spatial Memory Task

40 (100%)

19 (47.5%)

23 (59%)a

Yes = 21 (52.5%)
No = 12 (30%)
Qualified = 7 (17.5%)

Yes = 21 (52.5%)

27/40
(67.5%)

.462**

FINE COORDINATION

SPEECH

THINKING

N=39;
= definitive endorsement of relevance; No = definitive rejection of relevance; Qualified = marginal answer in which participant could not categorically endorse or reject personal relevance and gave a qualified answer (ex. “Yes, but only
if they fixed the technical issues” or “No, but if I developed symptoms, I would want to monitor for it”)
c Cramer’s V is an effect size of Chi Square test of independence between categorical variables. Polychloric Correlation was not used due to non-normal distribution of data.
d Unable to run Cramer V due to lack of homogeneity in response to Tremor task on mapping. Cramer’s V effect sizes *>0.25 are considered to indicate a strong relationship and **>0.35 a very strong relationship (df=2).
a

b Yes
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Figure 2. Perceived relevance of WATCH-PD Tasks to monitoring any personally important (experienced or anticipated)
versus bothersome symptoms in patients with early PD as elicited by Mapping
GRAPH A.
RELEVANCE OF TASKS TO MONITORING ANY PERSONALLY IMPORTANT SYMPTOMS
PRSS 4

PRSS 3

TREMOR (100%)

7

10

5

FINGER TAP (90%)

VERBAL PHONATION (82.5%)

PRSS 0

2

2

4

SYMBOL SWAP (82.5%)
TRAILS (80%)
VISUAL SPATIAL MEMORY (52.5%)

8

1

4
3

3

3

5

4
5

6

7

12

5
0

6

14

7

14

3

17

4

4

3 0

4

17

7

9

6

1

5

3

2

15

4

6

5

2

8
7

2

9

5

19
5

Not relevant

3

18

WALKING & BALANCE (92.5%)

VERBAL ARTICULATION (85%)

PRSS 1

23

SHAPE ROTATION (92.5%)

VERBAL READING (87.5%)

PRSS 2

3

7
6

8

4

19

GRAPH B.
RELEVANCE OF TASKS TO MONITORING ACTIVELY BOTHERSOME SYMPTOMS
PRSS 4

PRSS 3

TREMOR (92.5%)

PRSS 0

7

19

TRAILS (65%)

4

10

SYMBOL SWAP (52.5%)

5

9

VERBAL PHONATION (47.5%)

5

VERBAL READING (45%)

5

3

4

2
8

6

4

4

3
4
8

15
12

3
7
7
5

17
0

3 0

5

17

5
6

3

3

14

4

2

6
1

1

4

7

3

2

5

7

7

6

5

2

4

2

9

8

14

WALKING & BALANCE (55%)

Not relevant

3

18

FINGER TAP (77.5%)

VISUAL SPATIAL MEMORY (42.5%)

PRSS 1

23

SHAPE ROTATION (82.5%)

VERBAL ARTICULATION (42.5%)

PRSS 2

6
19

Key: Tasks are graded by association with Patient Reported Symptom Scores in symptom maps (PRSS)
Personally important symptoms include PRSS 0 to 4 and may be active or anticipated
PRSS 4=Relating to symptoms that are present and most bothersome;
PRSS 3= Relating to symptoms that are present and somewhat bothersome symptoms;
PRSS 2= Relating to symptoms that are present and less bothersome;
PRSS 1`= Relating to symptoms that are present but not bothersome;
PRSS 0=Relating to symptoms that are not present or bothersome but still perceived as important to monitor over time.
Not relevant = Task perceived as failing to capture any personally important symptoms of PD.
Percentage (%) represents the total percent of participants who viewed the task as relevant to monitoring progression of personally important
symptoms of PD.
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Endorsed Taskc

Experienced symptomb

Related to daily lifea

Good test of symptom

Important symptom

Understood purpose

Table 4. Theme 1 supporting data - Examples of task endorsement based on five criteria used by participants to explain rationales for personal relevance
Interpretation: Personal relevance of digital tasks to patients for monitoring important aspects of disease is contingent upon:
• (C1) approximately understanding what symptom the task is assessing,
• (C2) belief that the task is assessing an important symptom of the disease, and
• (C3) belief that the task is a good test of that symptom.
The task does not have to be related to real life (C4) or an experienced symptom (C5) to be
relevant. However, positive endorsement of these criteria can add value to perceived relevance.

C1 C2 C3 C4 C5

CASES IN WHICH PARTICIPANTS ENDORSED TASK

✔ ✔ ✔ ✔ ✔

✔

P5: This was measuring fine motor …. I started to do the rapid tapping, I would lose control of my index finger and the middle finger and they would kind of
spazz out. I could tap away a much greater rate with the right hand. [The task relates to my] dexterity, fine motor skills in my right hand. It's very similar to
typing. Like I said, this one was the Parkinson's symptom that I'm noticing the most. Yes [it’s important to measuring my PD progression]. (Finger Tapping)

✔

P25: I had to walk continuously for a minute and then at standstill for 30 seconds with my hands by my side. I think it was measuring my tremor while I was
walking and standing still, since tremor is my only issue. I know it was probably in general looking at gait and balance as well [but I] don't really have those
issues and that's why I wasn't focused on them. [The task is important and] similar to just standing still and walking. (Walking & Balance Task)

✔

P24: There were four or five sentences that I had to read. My understanding is that sometimes people with Parkinson's have difficulty speaking, or their
voice will kinda waver out. It'll get quieter. I don't think I have that problem. [but] Your ability to speak and make your needs known is important. [The task
is similar to life because] I talk all the time, and if your voice is trialing off you have a problem communicating. [So the task] is very important. I think
communication is key. Your ability to verbalize is extremely important. (Verbal Reading Task)

✔

P26: It was asking me to walk for a full minute back and forth…it was sensoring for tremor and for gait. [I don’t have this symptom [but] I do a lot of walking
[and] I’m worried. This is one of the worrisome symptoms of PD, for me, not being able to get around, [so the task is important]. I mean I’m watching
myself. When I stub my toe, I sit there and I go, was that [PD]? Yeah. I’m already monitoring it. (Walking & Balance Task)

✔

P33: You sat down, and you put your hands in your lap and then You put your hands out. I thought this was measuring how much you were shaking. {I
have] tremor in my hand. I don't sit around with my hands in my lap or my hands out. [But it’s important] Because if the watch was picking up the intensity
of the tremor, it would show that it was is getting worse. [Tremor Task]

✔

P37: You keep tapping your index finger and your middle finger over and over, back and forth, both dominant and non-dominant…it’s to see how your fine
motor skills are working…I didn’t realize this until I was doing this, how slow my right hand is compared to my left hand. I might hate this one, but this was
one of the most important ones. (Finger Tapping)

✔

P20: You had to move your fingers to the different numbers quickly…[it was measuring] motor skills, moving from one number to the next and doing it in a
quick enough way, and some memory, 'cause you gotta go from one to two to three. [It relates to my difficulty with] motor skills as well as remembering. I
think over a period of time, if you struggled with moving from one to two to three and so one, it would be measuring [progression] for sure. (Trails A&B)

✔

P6: I don't have tremors… I understand why you're testing, and I think it's important to test, but, for my daily life, it wasn't particularly important to me at
this point …[it isn’t like anything I do in real life, but] I can see where it would be very important. I absolutely believe it's valid, as valid as the walking, yes.
[Tremor Task]

✔

P21: It was asking me to repeat a three-syllable word, pa, ta, ka, pa, ta, ka, pa, ta, ka. [It was measuring] speech and ability to keep syllables separated. I
don't think I have any [symptoms] that were related to that task. It’s not at all similar [to things I do in daily life]. I have to articulate, but I don't say things
over and over and over again. I don't try to squeeze in long sentences in one breath. [But] I think this task would be easy to see when deficits crept in … it
would be easy to see a decline with this task. I believe it’s important. (Verbal Articulation Task)

?

✔ ✔ ✔ ✔

✔ ✔ ✔ ✔ $
✔ ✔ ✔ ✔ $
✔ ✔ ✔ $ ✔
✔ ✔ ✔ $ ✔
✔ ✔ ✔ $ ✔
✔ ✔ ✔ $ $
✔ ✔ ✔ $ $

THIS IS A PREPRINT MANUSCRIPT THAT HAS NOT UNDERGONE EXTERNAL PEER REVIEW

?

✔

?

$ $

✔

C1 C2 C3 C4 C5

✔ ✔ $ ✔ ✔

✔ ✔ $ ✔ ✔

✔ ✔ $ $ ✔

✔ ✔ $ $ $

✔ ✔ $ $ $
?

$ $ $ $

$ $ $ $ $

$ $ $ $ $

P22: I was asked to repeat a nonsense word as many times as I could during a period of time. I had to take a deep breath, so that I could say it as many
times as possible in that timeframe, so I thought it might have been measuring what my lung capacity was. I don’t think I have any symptoms that relate to
this task. Generally speaking, I’m not repeating words 15 or 16 times in a row so it’s not an example of something that I would do in my everyday life. [But]
I guess if you were to look at the data over the course of several months, there might’ve been trend, so I feel like there might be meaning in the data, so
that’s what I mean by [I think it is an important task]. (Verbal Articulation Task)
CASES IN WHICH PARTICIPANTS DID NOT ENDORSE TASK

#

P14: [I had to] see if I can line up the solid circle with the outline circle and how long it would take me… I think[it measured] motor skills and dexterity. The
reason I didn’t like this one is I didn’t think it measured Parkinson’s; it just measures general coordination. This would be like trying to screw on a jar; I
thought this one was too glitchy with the computer. there were times where my hand was moving, and the thing wasn’t moving with me. I didn’t think this
measured accurately. (Shape Rotation Task)

#

P26: It was asking me to take little pie slices and line them up. [It was measuring] my ability to control my hands. [But my] fingernails they get in the way on
this exercise. It doesn’t let you connect with the pad. To consciously keep that contact, I had to go slower than I normally would. [it’s similar to] working on
the computer. Yeah, using a mouse, using a track pad. I think that’s relevant. [It relates to my trouble with] clicking on a link on your computer, and some
of the fine motor skills. [But] I think there’s too many things wrong with it for it to be important. Is it the Parkinson’s or is it because I’m not positioned
properly here? I don’t trust this exercise. (Shape Rotation Task)

#

P20: [The task measured] cognitive ability to remember colors. [It relates to] my issues remembering and being able to do things quickly. [But] You kinda
give up on the task because it's so hard, and sometimes I just guessed… I think it would be challenging for anyone [regardless of PD], and I don't see where
you would use it. My fiancée saw it and was like, “I don't think I could do that either.” So I would question it’s [validity] . (Visual Spatial Memory Task)

#

P21: This [task] is where you'd see the four colored boxes and then have to say the one that they flashed up if it was one of four …[It was measuring] Short
term memory probably. It was frustrating… I’d get to the end of it and go, "Geez, did I get any of those right?" I don't think [I have] any [symptoms related
to it], at least not yet. I don’t have to make those kind of decisions that quickly in real life. I'm not sure it was relevant. I felt so crappy about how well I did
at it. I don't know if that was related to my Parkinson's or not. I think I would've done crappy at it with Parkinson's or without Parkinson's. It just seems
random …I don't know if it showed a progression in my Parkinson's at all. (Visual Spatial Memory Task)

#

P23: It’s another fine motor task. You had to put two fingers on the colored circle and twist it and move it until it matched the circle on the inside. I don’t
have a lot of fine motor issues. I can't think of anything [in life it relates to]. it’s not necessarily measuring fine motor skills. It’s measuring your ability to
learn how to game the system—it’s affected by the length of your fingernails, and that doesn’t have anything to do with fine motor skills. If it’s measuring
the length of my fingernails, that’s a measurement error. (Shape Rotation Task)

#
#
#

P18: You had to remember these four colors, and then some other color, and match them up. I suppose it’s [measuring] your memory. [but] I don't know
how it relates to Parkinson's. [I’ve never had] very strong visualization. I'm not thinking of anything [in real life that it is similar to]. I guess I have no idea [if
this is important to monitoring PD], which inclines me to think, no [it’s not relevant]. I don't know …I am not expert. (Visual Spatial Memory Task)
P12: This task, I don't think I'm experiencing any symptoms, and I'm not sure what it was trying to measure. I don’t see the connection to [daily life]and I’m
not drawing the connection to the Parkinson’s piece. (Verbal Articulation)
P24: You have to look at one, two, three, four [colors], and then the fifth square at the bottom and figure out if that fifth square at the bottom is in any of
those four. You know I'm not sure—I'm guessing that it's cognition, [but] … I don't know what this would measure. I don't know [if I have related
symptoms] because I don't understand the task. It's not similar to anything in life. I didn't like this. I was unsure of it and I found it extremely frustrating. It's
not so much [the difficulty of] the test, it's trying to figure out how does it fit with Parkinson's? How is this going to benefit me, or other people? This was
the only test that I recall, that made absolutely no sense whatsoever. I think, ultimately, that's the frustration. (Visual Spatial Memory Task)

Notes. Participant criteria for evaluating personal relevance of WATCH-PD tasks to monitoring personally important symptoms of Parkinson’s disease.
C1. CRITERIA #1: Believed they knew what task was measuring
C2. CRITERIA #2: Believed the task related to an important symptoms of PD (experienced or not)
C3. CRITERIA #3: Believed the task was accurate, consistent, and reliable.
C4. CRITERIA #4: Believed task related to activities in performed in real life (a Cognitive interview item Q3 – Task relates to activities in real life_
C5. CRITERIA #5: Personally experienced the symptom believed to be measured - past or present (b Cognitive interview item Q2 – Task relates to personal symptom of PD)
Endorsed Task = Endorsed task as valuable for monitoring PD symptom progression over time. (c Cognitive interview item Q4 – Task is relevant to monitoring personal PD progression)
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Figure 3. Recommended approach to assessing the relevance of digital measures for monitoring meaningful symptoms of disease

Notes. Use of a consistent 0-10 rating scale for each rated item (i.e. 0=not important at all; 10=most important, etc.) could improve comparison across technologies and trials.
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Patient Reported Symptoms (PRS) of early PD (Experienced)
PRSS = 4
Most bothersome
symptoms

Tasks at this level relate to
symptoms and impacts that are
present and most bothersome

PRSS = 3
Somewhat bothersome
symptoms
CODING SCHEMA
FOR RELEVANCE OF
TASKS WITHIN
SYMPTOM MAPS
Patient Reported
Symptom Score
(PRSS)

Tasks at this level relate to
symptoms and impacts that are
present and somewhat bothersome

PRSS = 2
Less bothersome
symptoms

Tasks at this level relate to
symptoms and impacts that are
present and less bothersome

Personally
important

PRSS = 1
Not bothersome
symptoms

Tasks at this level relate to
symptoms and impacts that are
present but not bothersome

PRSS = 0
No current issues

Tasks at this level relate to symptoms and
impacts are NOT present but are still
viewed as important to early PD

No PRSS: Code "."
Not relevant to early PD

Tasks at this level are perceived as not
relevant or not important to early PD

Supplement A. Coding schema for assessing relevance of digital measures to meaningful symptoms
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Supplement B. Supporting data for Theme 2

Theme 2. People with early PD believe it can be important to complete tasks measuring aspects of disease and symptoms that they do not currently
experience.
P4: I just know that’s something that does impact Parkinson’s patients, so I thought that would’ve been something you could’ve measured.
P5 All of these things [are important], knowing whether or not there was any noticeable deterioration or whether they stayed the same or improved
P6: I don't recall that I even had any tremors at all. … but I'm curious if it could tell beyond what I can sense. That would be of great interest to me.
P7: Well, it could be important a little longer term…you've got to compare it to something. That's what I'm wondering. It was valuable [to know] if it
started and the cognitive issues maybe became more pertinent or speech was slurred or something…. I think with a lot of these tasks that would be
something that I would be interested in. Have they changed one way or the other over time or not changed at all over time?
P8: [It’s important because] If I had difficulty walking, this [task] would have uncovered that. It would have diagnosed it and sent that information to
somebody…or… if I was doing 200 taps, and then the next week only did 100 taps, that would show that something's going wrong, right? In my case, it did
not, because not a lot is going on. I think this, again, falls into the general category that if over time, I noticed I was unable to do this, or I was getting
worse at it, I would want to know that and use that as part of my discussions with my doctor. I think everything I did fell in that category.
P10: I suspect that this is something that over a longer duration of time would show evidence of deterioration. I think that the articulation issue is an
important one and the one I experienced, but not maybe as noticeably at this point in my life. I do think it's important.
P15: I would say yes [it’s important], because, over time, it may start to show up. It’ll be like, “Okay, six months ago, it didn’t tremor…a year later, now it
tremors.” It doesn’t register anything now, but I think over time, if my hands started to tremor, then that would be valuable to know that it's progressing.
P19: I don't have an issue [with speech]. [But] I think the tasks are good to have in the test, because a lot of people with Parkinson's do have these issues.
How would I know if I did or didn't have them without doing the task? [and] I'm gonna take back my last response about is this important for measuring
Parkinson's, because maybe it is. Just because I didn't have problem with the cognitive doesn't mean that you wouldn't be able to identify issues with other
people.
P24: I think it's not so much what you have currently, it's the progression. It's about whether new symptoms develop and if those symptoms become more
severe over time. … because you're always thinking at the back of your mind, "How much time do I have? Am I gonna be in a wheelchair? Am I gonna have
dementia? Am I gonna be able to take care of myself?"…Symptoms they change, they get worse, or they suddenly show up, and you didn't have it before.
P26: My thinking is that the earlier you catch it, the better. Even if it wasn’t a problem [now], I’d want to keep testing it because chances are, it’s gonna
show up, and we might as well know as early as possible. … just because I don’t [have] it now doesn’t mean it’s not gonna be relevant three months from
now. You’re going to find me saying yes to almost everything here unless I think it was ill-designed.
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Supplement C. Supporting data for Themes 3
Theme 3. Disease monitoring tasks can have negative emotional impact that affects sense of well-being and may impact perception of or engagement with
the digital measure.
P1: Whenever I take a survey—they go through pages and pages of, "Have you choked yet? Have you fallen yet?" all these horrible things, "Are you
constipated?" it's like, I don't have any of those things, but should I, will I? Will I have all of them? That's depressing
P5: I like to feel like I'm doing well, when I'm testing on these things in this way, I'm pretty clearly, I felt like it was not.
P6: I think in general, I'm mostly on top of things, but this I wasn't on top of. I just couldn't do it that fast…I wasn't going to let it stress me out. I just go,
"Oh, I hate this. I know I'm not gonna do well.” As hard as I tried to do well, I just never felt like I was on top of it.
P10: it made me aware of issues I didn't really know I had. I was blaming the game, not my cognitive difficulties, but it's a stupid game. It illustrated my
problems with remembering. It's just right now that I'm remembering how stressful it was.
P11: I think I notice when I do this test that I have variations in tone and amplitude that I'm not in control of. I don't know if that's just everybody or if it's
PD related, or if it's just me. It makes me conscious that I have less control in an area that I'm not really aware of.
P14: I hated doing. I guess it pointed out to me how slow my hand is getting. I was like, “Why can’t I do this?” …. This one always made me feel really
stupid. I never felt like I was doing it good. I think it was a tricky test, but I think it would measure whether your cognitive thinking, your ability to retain
information and spit it back out is getting slower over time. I just didn’t like it ’cause it made me feel dumb.
P15: That belongs under measure of insanity. I know I did very poorly on all the way through from the beginning.
P16: This one caused me the most anxiety. I bet that if you looked at the accuracy at the beginning of the test, and compare it with the accuracy at the
end of the test, that the percentage correct answers would be far better in the beginning of the test than at the end. By the end, people are just so
frustrated that they’ll tap any finger. They won't care anymore.
P17: I felt like it was beating me. It's like playing poker with the house, the house wins every time. I felt like I did not have the cognitive ability to beat the
house…. I felt like I was really bad at it.
P19: I didn't like being asked those questions every day … Instead of just going about my day [happily] It made me feel moody. …. I was trying to do my
best, but I was like, my best ain't good enough for this one.
P21: It was frustrating in the sense that I didn't feel like I was very good at it. I don't want to see the results I would get in that.
P23: A big issue with this, is you bring in previous frustration and it affects you even more. In other words, as frustration increases, the failure rate on the
test is going to increase. Over time, you may be measuring more the frustration level than the Parkinson’s level.
P26: when the doctor’s testing you, you’re really there to perform and so you get anxious. I felt like it was rigged against me. I felt like oh no, I can’t
handle this. This is gonna make me feel so inadequate and I’m gonna get depressed. ..After I was all done, I would go be depressed for an hour because it
pointed out exactly what was going on—it pointed it out to me that I was having trouble with some of these things.
P27: I completed the test, but I dreaded it, and I’m like, “Can’t I just skip this?” and I’m thinking, “No, you’ve gotta finish it all.” But it made me anxious….
“Oh, my gosh. This is gonna be awful, and they’re gonna think I’ve progressed.” I just wanted to say, “Oh, the heck with this,” {Someone] mentioned that
this was hated by all of the participants, I felt better. I thought, “Okay, it’s just not me. Everybody’s screwin’ up the test.”
P33: Things that I could do when I started it, I couldn't do with my left hand… it was a reminder I was getting worse. When we did the study, they would
ask you all these questions about symptoms, it'd be be depressing where you could be going with this. It would take me a day or two to forget about it.
P36: [it made me] little bit anxious approaching the test. Wondering what my numbers are gonna be, if it’s getting worse.
P37: It was absolutely horrible. I didn’t realize until I was doing this how bad my right hand is compared to my left hand….Is it getting worse? What do we
need? Do we need to go on medication?” It’s 100 things running through my brain.
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